. Eaily workers in this field suggested that abscission may be controlled by a balance between these two hormones (11, 13) . Evidence supporting such a balance was provided indirectly by separating the abscission process of leaf explants into periods of differential sensitivity to auxins and ethylene (1, 18). The importance of endogenous ethylene was also confirmed by showing that abscission was delayed by removing ethylene from the system (18).
Auxin and ethylene have both been implicated as natural regulators of leaf abscission (2, 17) . Eaily workers in this field suggested that abscission may be controlled by a balance between these two hormones (11, 13) . Evidence supporting such a balance was provided indirectly by separating the abscission process of leaf explants into periods of differential sensitivity to auxins and ethylene (1, 18) . The importance of endogenous ethylene was also confirmed by showing that abscission was delayed by removing ethylene from the system (18) .
The process of fruit abscission has not been as extensively studied. Ethylene, ethephon (an ethylene-releasing chemical), and chemicals inducing ethylene production enhance fruit abscission in a wide range of plant species (7-10, 12, 14, 16, 20) . Enhanced ethylene production has been associated with increased levels of cell-wall degrading enzymes in fruit abscission zones (16, 23) and with the regulation of enzyme secretion into the cell wall (23) . Endogenous ethylene also seems to have an important role, since reducing the internal level markedly delays cotton fruit abscission (20) .
There are two abscission zones in the sour cherry; one between the peduncle and pedicel and the other between the pedicel and fruit. Immature fruits abscise at the peduncle-pedicel zone and mature fruits abscise at the pedicel-fruit zone (26) . Although morphologically, there is a well developed abscission layer at the peduncle-pedicel zone at maturity, separation does not occur at this site either naturally or after treatment with ethylene (8 
MATERIALS AND METHODS
All experiments were performed on sour cherry (Prunus cerasus L. cv. Montmorency) trees 7 to 10 years of age or on detached fruits, in various stages of development, collected from these trees just before initiating an experiment. Unless otherwise stated, abscission was followed at the abscission zone between the pedicel and fruit, and was quantitatively indexed by measuring the fruit removal force. Such changes in the FRF3 have been previously established (25) to be related to the development of the abscission layer. Procedures used to measure the FRF of attached fruits and to prepare and conduct the fruit explant bioassay have been previously described (8, 28) .
Changes in FRF and Abscission Potential with Fruit Development. Changes in FRF with fruit development was determined at weekly intervals, from the end of Stage I of fruit growth through maturity, on a uniform sample of 20 fruits immediately after they were detached from the tree. Abscission potential, i.e., the capacity of the fruit to form an abscission layer after being detached from the tree as indexed by a decrease in FRF (25) , was also determined on comparable fruit and at the same times. FRF was measured after 80 hr, on detached fruit (explants) held at 23 + 2 C with the pedicel inserted in distilled water (28 Effect of Endogenous Ethylene. If ethylene is involved in abscission, then reducing the endogenous level early in the separation phase should delay abscission. Endogenous levels of ethylene were reduced to one-fifth by subjecting explants in desiccators to 0.2 atm of pressure. The flow-through system was used as described earlier except pure oxygen was allowed to bleed into the desiccators, thereby maintaining its partial pressure at atmospheric level. As a control for the reduced pressure, an additional treatment containing 50 ,ul/l of ethylene in pure oxygen was supplied to explants at 0.2 atm and compared to 10 jtl/l of ethylene in air at one atm.
Ethylene Evolution and Internal Concentration. Ethylene evolution was determined twice weekly from full bloom until after maturity. Fruits were detached from the tree and the pedicel was cut to a length of 3 to 4 mm. Ten fruits were immediately sealed in 25 ml flasks or 10 to 30 fruits in 265 ml glass containers, depending on the stage of fruit development. A filterpaper wick saturated with 10% KOH was sealed in each container to absorb CO2. Two to four replications were used. Sealed containers, including appropriate controls (lacking only fruit), were held in a water bath at 25 + 1 C for 8 hr. CO2 and 02 levels were monitored using a Perkin-Elmer Vapor Fractometer, Model 154B, and 02 was supplied to maintain the atmosphere at 21 + 3%. Ethylene evolution was determined by assaying 1.0 ml of the gas phase by gas chromatography (24) .
The concentration of endogenous ethylene was determined using a modification of the procedure of Beyer and Morgan (5) . Twenty-five to 50 fruits were detached from the tree and immediately subjected to a vacuum of 200 mm for 30 sec. The extracted gas was then assayed for ethylene by gas chromatography.
RESULTS
Change in FRF and Abscission Potential with Development. FRF of attached fruit increased early in fruit development ( Fig. 1) , indicating a strengthening of the abscission zone tissue. Then at the beginning of Stage III, a perceptible decline in FRF began, which reached its lowest value at fruit maturity.
The abscission potential of explants prepared from fruits in different stages of development is shown in Table I . Abscission potential, the capacity of fruit explants to undergo a reduction in FRF indicating the formation of a separation layer, becomes apparent for the first time in explants prepared from fruits harvested June 25, i.e., at the beginning of Stage III of fruit growth, which corresponds to the first evidence of a decrease in FRF in attached fruits (Fig. 1) .
Influence of Exogenous Ethylene. Ethephon did not promote abscission of attached fruit when treated in early or midStage II (June 5 or 12) of development (Table II) . However, a significant reduction in FRF occurred when ethephon was ap- June 18-one week before abscission was apparent in detached control fruit. Explants prepared at different stages of fruit development responded similarly to both ethylene gas (10 ,u/l) and to ethephon (compare Tables III and IV) .
Because of the close relationship between fruit enlargement in Stage III and the onset of the decline in FRF, the effects of ethephon on these two processes were assessed in both attached and detached fruits. There was no significant effect of ethephon on fresh weight in either intact or fruit explants although FRF was reduced by 40 (Fig. 1) . This decline is related to the formation of the separation layer (25) .
Further, the initiation of separation can be demonstrated based on a marked change in the capacity of explants from fruits in different stages of development to undergo abscission (Table I) . No significant reduction in FRF can be demonstrated in explants prepared from fruits during Stages I or II of development, while a marked decrease in FRF (Table I) and development of an abscission layer (25) There is a marked change in the sensitivity of the pedicelfruit zone to ethylene in relation to fruit development (Table  II) (Table II) and with fruit explants (Tables III and IV) . If layer initiation occurs, as we suggest, during the transition from Stage II to Stage III, then it would seem that ethylene has little effect before layer initiation but promotes development of an initiated layer. The reason for the slight but significant decrease in FRF in late Stage II in detached fruit (Table III) and more so on fruiting trees (Table II) is not clear. However, two explanations can be offered. First, ethylene may advance initiation of an abscission layer, if present, when initiation is about to occur, as has been found in leaf abscission studies (1, 18) ; and the same arguments e.g., effect on auxin transport (4) and destruction (21), or both, might be applicable for cherry. It is known that auxins, gibberellins, and cytokinins are present at the highest levels in sour cherry during Stages I and II, and begin to decrease by the beginning of Stage III (15, 22) . Secondly, the slight decrease in FRF may be a reflection that layer initiation has already occurred in some portion of the fruit population. The greater response under field conditions, characterized by greater sample variation, than in the explant bioassay would support the latter explanation.
Evolution rate (Fig. 2) and concentration (Table V) of ethylene in the internal atmosphere indicate relatively low levels of production by cherry fruit during separation, as previously observed (6) . The high levels evolved during bloom and shortly thereafter may play a role in abscission of immature cherry fruit, as was demonstrated for immature cotton fruit (19) . There was a significant peak in ethylene evolution at the transition between Stages II and II of fruit growth, but the levels during Stage III, when FRF was rapidly declining and separation was in progress, were much lower. Even though the endogenous levels of ethylene remained low throughout separation, the endogenous ethylene present seemed to have a role in abscission. Reducing the endogenous level by 80% shortly after the start and midway through the separation phase (Stage III) significantly inhibited abscission (Table IV) . This suggests the need for a continuous supply of ethylene during the separation phase as has been reported for leaf explants (18) and intact cotton fruit (20) . Although reduced pressure failed to There are other facets that should be recognized although data are lacking. Because of the low permeability of the cuticle (3), the tissue containing the abscission zone may represent the path of least resistance for ethylene diffusion from the fruit. If this is so, then the level of ethylene in the abscission zone might be severalfold higher than that in the fruit. Further, only ethylene produced in or near the abscission zone may be important in abscission. Our measurements on whole fruit may have masked localized changes in or near the abscission zone. Ethylene production in the abscission zone was not determined because of the zone's shape and proximity to the fruit tissue (27) , and the removal of which would have resulted in excessive injury. It is possible that the concentration of ethylene in the abscission zone remains at a low but potentially active level. As the level of auxin or other juvenile factors decline below a critical threshold, the cells in the abscission layer may become more sensitive to ethylene.
It should be stressed that a similar abscission response was obtained with detached fruit explants, as indexed by changes in FRF and response to ethylene, to that observed on fruiting trees. We feel that such explants, if properly used, provide meaningful data and do not suffer from many of the limitations common to leaf explants prepared from seedlings. Perhaps they fall short of totally representing the intact cherry system, but recognizing the complexity and numerous obvious limitations in studying fruit abscission in perennial woody plants, they offer a meaningful approach to a better understanding of the fruit abscission process in cherry.
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